Induction of erythroid differentiation in murine erythroleukemic cells by short chain aliphatic carbonyl compounds and their corresponding precursors Evidence for a common inducing signal by Malinin, George I. & Ebert, Paul S.
Volume 109, number 2 FEB.5 LETTERS January 1980 
INDUCTION OF ERYTHROID DIFFERENTIATION IN MURINE ERYTHROLEUKEMIC 
CELLS BY SHORT CHAIN ALIPHATIC CARBONYL COMPOUNDS AND THEIR 
CORRESPONDING PRECURSORS 
Evidence for a common inducing signal 
George I. MALININ and Paul S. EBERT+ 
Physics Department, Georgetown University, Washington, DC 20057 and ‘Laboratory of Molecular Virology, 
National Cancer Institute, NIH, Bethesda, MD 20205, USA 
Received 24 October 1979 
1. Introduction 
Proerythroblastoid murine erythroleukemic (MEL) 
cells may be induced to differentiate along the ery- 
throid pathway by avariety of chemical agents [l-5]. 
The state of erythroid differentiation is recognized 
unequivocally by increased hemoglobin synthesis and 
concomitant morphological changes [ 5,6]. While the 
precise nature or the cellular receptor sites of the 
erythroid differentiation induction signal remain 
undetermined [ 1,3], it has been suggested that the 
cell membrane may be the initiation site [ 1,3] as 
evidenced by changes of certain cell membrane-related 
functions [7,8]. 
We have shown recently that SeOz and H$eOa 
trigger erythroid differentiation of MEL cells [3] and 
suggested further, that possible oxidation by SeOz of 
endogenous membrane carbonyls into dicarbonyls 
may have initiated erythroid differentiation of MEL 
cells. If endogenous carbonyls are triggering differen- 
tiation, then it may be possible that selected exoge- 
nous aliphatic carbonyl compounds may likewise 
initiate erythroid differentiation of MEL cells. More- 
over, any precursor which can be metabolized to its 
corresponding carbonyl derivative should also act as 
an inducer or erythroid differentiation. 
2. Materials and methods 
Murine erythroleukemic (MEL) cells, derived from 
clone 745, were grown in RPM1 1640 medium con- 
taining 10% (v/v) heat-inactivated fetal calf serum and 
supplemented with glutamine and antibiotics [5]. 
MEL cells were diluted to 10’ cells/ml and the com- 
pounds listed in table 1 were added 4 h later. The 
concentration of liquid inducers was determined from 
their densities. The salts of monocarboxylic acids 
were dissolved in 10.0 mM Tris-0.15 M NaCl 
(pH 7.4). Butyraldehyde was diluted with methanol. 
Since methanol at high concentration (>lOOO mM) 
induces differentiation of MEL cells, the final meth- 
anol concentration in the medium was only l/ 12th 
of the level required to elicit differentiation. The cells 
were harvested at the end of a 5-day incubation 
period and their viability determined by trypan blue 
exclusion. Duplicate aliquots containing 2 X lo6 total 
cells were then centrifuged and the hemoglobin con- 
centration was measured by a calorimetric benzidine 
assay [5]. 
3. Results and discussion 
The comparative capacity of alcohols, aldehydes, 
ketones and carboxylic acids to induce hemoglobin 
synthesis in MEL cells is presented in table 1. The 
data show that hemoglobin synthesis can be induced 
in MEL cells by l-5 carbon compounds of various 
oxidation states with alcohol compounds being less 
potent inducers than acids, aldehydes, and ketones. 
Aldehydes were more potent inducers than ketones. 
This difference may not be ascribed to hydration, 
since both aldehydes and ketones are readily hydrated 
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Table 1 
Comparative inducing capacity of aliphatic carbonyls and their precursors 
Inducer (no. expt.) Mol. wt. Cont. (mM) Average cell No. inducer prg Hemoglobin/ Hemoglobin/ 
no. X 106/ml molecules X 10”’ X lo6 cells inducer ratio 
Alcohols 
Methanol (7) 
Ethanol (4) 
Ethylene glycol(5) 
Propanol(9) 
Glycerol (6) 
Butanol(6) 
Aidehydes 
Formaldehyde (9) 
Acetaldehyde (8) 
Butyraldehyde (5) 
Ketones 
Acetone (7) 
Butanone (6) 
2.4-Pentanedione (5) 
u 
Na Acetate (6) 
Na Propionate (8) 
Na Butyrate (4) 
32.04 1190 2.0 7.16 1.56 f 0.2 0.21 
46.07 550 1.6 3.31 0.90 f 0.18 0.26 
62.07 545 1.8 3.28 0.89 f 0.22 0.27 
60.11 177 1.5 1.06 0.60 * 0.09 0.56 
92.11 720 1.2 4.33 0.72 f. 0.12 0.16 
74.12 101 1.3 0.61 0.84 t 0.06 1.4 
30.03 0.009 0.5 0.00005 0.38 i 0.06 
44.05 21 1.0 0.12 0.47 i 0.11 
72.11 0.7 0.4 0.004 1.24 i: 0.17 
58.68 330 2.2 1.98 1.41 f 0.15 0.71 
72.12 86 2.6 0.51 1.48 f 0.25 2.9 
100.13 28 0.2 0.16 0.60 f 0.11 3.75 
83.05 60 2.1 0.361 0.72 f 0.07 1.99 
97.08 2.5 3.2 0.015 1.32 * 0.14 88 
111.12 1.0 4.3 0.006 1.10 f 0.27 183 
7.6 x lo3 
3.9 
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Inducers of hemoglobin synthesis are divided into three functional classes, i.e., alcohols, carbonyls (aldehydes and ketones) and 
acids. The compounds in each class are listed in the order of increasing chainiength. The number in parenthesis beside the inducer 
indicates the number of experiments. Molecular weights of inducers are listed in column 2 while the mean concentration range 
required to induce hemoglobin synthesis is given in column 3. Column 4 lists the average number of total cells determined at the 
end of each experiment. The mean number of inducing molecules, i.e., the product of inducer concentration times Avogadro’s 
number (AN = 6.02 X 10z3) is listed in column 5. Concentration of hemoglobin in gg + SEM/106 cells after 5 days of incubation 
as determined by benzidine assay [S J is listed in column 6. The capacity of an inducer to trigger hemo~obin synthesis is d&med 
as the ratio of hemoglobin in rg/106 cells divided by the multiples of Avogadro’s number of an inducer. Since the concentration 
of ceil inducers is given in the same order of magnitude namely as N X IO*‘, where N is the multiple of AN, the ratios listed in 
column 7 are rg hemoglobin/Jv’with 1O23 omitted. The average hemoglobin level in non-induced MEL cells was 0.12 i 0.02 &ml 
with an average yield of 3.8 X lo* cells after 5 days incubation 
[9]. Therefore, the nature of the induction initiated 
by aldehydes as compared to ketones, remains unclear. 
The presence in molecules of l-3 hydroxyl groups 
which could be converted to carbonyl groups howed 
no inducing effect beyond that of a single hydroxyl 
group, as evidenced by the responses elicited in MEL 
cells by ethylene glycol and glycerol. Since carbonyl 
groups appear to be the most potent inducers, it is 
possible that the inducing capacity of alcohol com- 
pounds proceeds via enzymatic onversion to the 
corresponding carbonyl derivatives. Alcohol dehydro- 
genases and ubiquitous enolases present in all cells 
may provide the requisite mechanism for the conver- 
sion of mono- and polyhydroxy alcohols to their 
respective carbonyl derivatives [ 10,111. Similarly, 
aliphatic acids can be converted to carbonyl derivatives 
by means of @oxidation as seen with butyric acid, 
which is readily catabolized by conversion to the 
ketone acetoacetate [ 121. It should be noted, how- 
ever, that propionate is catabolized by a different 
pathway from butyrate [ 13] and has been shown to 
be converted to heme by human bone marrow cells 
[ 141. This utilization of propionate by MEL cells 
does not, however, exclude the existence of an acti- 
vation signal possibly provided by a carbonyl inter- 
mediate such as acetoacetate, pyruvate, or malonic 
semi-~dehyde f 131. 
In the past, attempts have been made to correlate 
the inducing capacity with structural configuration of 
numerous compounds [ 11. It appears that increasing 
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chain length of active compounds to 4 carbons 
increases induction of hemoglobin synthesis in MEL 
cells. The only exception is formaldehyde, an aldehyde 
of well-known anomalous properties [ 151. However, 
structural configurations of the inducing agent appear 
to be less important han the presence of a earbonyl 
group which may provide the initial differentiation 
stimulus. This conclusion, however, does not negate 
the possible xistence of other differentiation-inducing 
mechanisms. 
The chemical nature of exogenous carbonyl initi- 
ators of erythroid differentiation is str~kin~y similar 
to the activation of lymphocytes effected by cell 
membrane carbonyls generated in situ by periodate 
oxidation of target cells [ 16- 181. Likewise, the simi- 
larity of the inducing mechanism for terminal differ- 
entiation of human myeloid and MEL cells has been 
noted [19]_ The fact that carbonyl compounds induce 
erythroid differentiation of MEL cells and the 
blastogenic transformation of lymphocytes clearly 
implies the existence of at least one common initiation 
signal for these two cell types. 
Acknowledgements 
We thank Drs D. P. Tschudy and G. Vande Woude 
for reviewing the manuscript and Mrs I. Wars for 
excellent echnical assistance. Dr G. I. Malinin was 
supported by the Office of Naval. Research contract 
NO0 14-79-C-0320. 
References 
[I] Terada, M., Marks, P. A. and Rifkind, R. A. (1978) Mol. 
CeII. Biochem. 21,33-41. 
[Z] Reuben, R. C., Wife, R. L., Breslow, R., Rifkind, R. A. 
and Marks, P. A. (1976) Proc. Natl. Acad. Sci. USA 73, 
862-866. 
[3] Ebert, P. S.and Mali&, G. I. (1979) Biochem. Biophys. 
Res. Commun. 86,340-349. 
[4] Reuben, R. C., Khanna, P. L., Gazitt, Y., Breslow, R., 
Rlfkmd, R. A. and Marks, P. A. (1978) J. Biol. Chem. 
253,4214-4218. 
[S] Ebert, P. S., Wars, I. and BuelI, D. N. (19’76) Cancer Res. 
36,1809-1813. 
[6] Sato, R., Friend, C. and de Harven, E. (1971) Cancer 
Res. 31,1402-1417. 
[7] Bernstein, A., Hunt, D. M., Crichley, V. and Mak, T. W. 
(1976) CelI 9,375-381. 
IS] Mager, D. and Bernstein, A. (1978) J. CelI. Physiof. 94, 
191 
[IO1 
[III 
II21 
II31 
1141 
1151 
1161 
II71 
1181 
II91 
275-286. 
Ogata, Y. and Kawasaki, A. (1970) in: The Chemistry 
of the Carbonyl Group. (Zabicky, T. ed) vol. 2, 
pp. l-79, Wiley-Interscience, New York, 
Sund, H. and TheoreII, H. (1963) in: The Enzymes 
(Bayer, P. D. et al. eds) vol. 7, pp. 25-83, Academic 
Press, New York. 
Eisenberg, F. (1966) in: The Chemistry of the Carbonyl 
Group (Patai, S. ed) pp. 331-373, Wiley-Interscience, 
New York. 
Orten, T. M. and Neuhaus, 0. T. (1975) in: Human Bio- 
chemistry, pp. 253-281, C. V. Mosby, St Louis, MO. 
Rosenberg, L. E. (1978) in: The Metabolic Basis of 
Inherited Disease, (Stanbury, J. B. edsf pp. 411-429, 
McGraw HIII, New York. 
Nakao, K. and Takaku, F. (1968) J. Lab. Clin. Med. 72, 
958-965. 
Walker, T. F. (1975) Formaldehyde, R. E. Krieger, 
New York. 
Parker, T. W., O’Brien, R. L:, Stein, T. P. and Paoliii, P. 
(1973) Exp. Cell Res. 78279-286. 
Novogrodsky, A. and Katchalski, E. (1972) Proc. Natl. 
Acad. Sci. USA 69,3207-3210. 
Wynne, D., Wilcheck, M. and Novogrodsky, A. (1976) 
Biochem. Biophys. Res. Commun. 68,730-739. 
Collins, S. T., Ruscetti, F. W., Gallagher, R. E. and 
GaIlo, R. C. (1978) Proc. Natl. Acad. Sci. USA 75, 
2458-2462. 
266 
